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Abstract 
Energy performance gap between designed and as-built buildings is a tough task. Nowadays, energy efficient buildings still need 
to be checked on the spot to guarantee their thermal performance on site. That’s why a new interest for in situ testing methods is 
growing. To measure the transmission losses coefficient, time-varying infiltration losses need to be quantified to minimize the 
result error, especially for short dynamic methods. Different approaches will be described to estimate them from blower-door and 
wind speed measurements, with an experimental comparison on a small chalet using a CO2 decay method. 
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1. Introduction 
The scarcity of natural energy resources and the climate change issue have leaded all building industry actors to 
reduce energy consumption by constructing new efficient buildings and by improving existing building by 
refurbishments. Mostly, requirements and labeling of the building energy performances are based on theoretical 
calculations of energy use in the design phase. However several studies showed that the actual energy performance 
after the construction phase may deviate significantly from the theoretical designed calculations [1,2]. 
It is important to notice than even if occupant behavior and energy system management are key points to achieve 
this goal, the real intrinsic thermal performance of the envelope is crucial.  
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Dynamic methods developed to deduce intrinsic thermal performance of the building envelope from data 
measurements on the field have been studied for example in the IEA EBC Annex 58 [3–7]. 
These methods consist in deducing from data measurements (i.e. energy consumption, internal and external 
solicitations) the thermal behavior of the building envelope. However, even if air ventilation rate is reduced by shutting 
down the ventilation systems, air infiltration due to the airtightness of the envelope remains. This air infiltration rate 
can be a non-negligible part of the global energy consumed during the measurement: it is then important to estimate 
accurately the thermal impact of air infiltration when performing such in-situ measurement, in order to properly 
deduce heat losses by transmission through the tested envelope.  
 
Nomenclature 
Afacade facades area exposed to wind, m² 
Aroof roof area, m² 
CL overall air leakage coefficient, m3/h/Pan 
[CO2] mass concentration of CO2 in air, ppm 
Cpv,air thermal capacity of infiltrated air per unit volume, Wh/m3/K 
οP Local pressure difference between indoor and outdoor, Pa 
dPcomp Overall  component pressure difference between indoor and outdoor, Pa 
n overall leakage exponent, no dimension 
Q4pa,surf permeability for 4 Pa solicitation per unit surface, m3/h/m2 
QοP,surf permeability for another pressure solicitation per unit surface, m3/h/m2 
Q50 infiltration flow rate for a pressure difference of 50 Pa, m3/h 
Qv infiltration air flow rate, m3/h  
ri roughness index, no dimension (0 = open terrain, 1 = urban terrain) 
Ti  indoor temperature, °C 
Te outdoor temperature, °C 
Uinf infiltration equivalent U-value of the building, W/m²/K 
Utr transmission average U-value of the building, W/m²/K 
V wind speed, m 
2. Methods to estimate air change rate 
Three main methodologies are used to estimate the air change rate: direct measurements (generally by tracer gas 
techniques [8,9]), use of aeraulic models (detailed models such as CFD [10], simplified models based on physical 
knowledge such as COMIS [11,12]), and rough estimations such as the “rule of thumb” used in the Coheating method 
[13]:  
20
50QQv |    (1) 
Another simplified model is the iterative model described in EN 15242 [14]. In a nutshell, the main idea of this 
simplified model is to use mass conservation in a building zone and pressure calculations to deduce the air change 
rate. Outside pressure calculations are realized using standardized pressure coefficients (depending on facades 
geometry and ground roughness), wind and temperature measurements. Internal pressure is calculated iteratively to 
satisfy the mass flow balance of the zone. Relation between local pressure differences and airflow is defined by:  
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Fig.1. (a) simplified representation of the airflow network used in the EN 15242 without ventilation; (b) inputs/output scheme of the calculation 
method. 
 
A simple representation of air leakages in an empty monozone building without ventilation is shown in Fig.1, as 
well as the input/output scheme of the model: 
 
Notice that the wind direction is not taken into account. Therefore, a conventional splitting between windward and 
leeward facades is assumed. The air leakage is supposed uniform in all facades and the measured exponent is 
considered (instead of a value of 0.67). For more information about the model, please refer to [8]. 
3. Air infiltration effect on thermal losses 
 
 
Fig.2. (a) small chalet typology; (b) individual house typology. 
 
Fig.2 represents two chosen building typologies to be modeled using the EN 15242 method described before. In 
order to normalize results of both simulations, and to compare heat losses, a new index Uinf has been used to represent 
the “equivalent infiltration U-value” which can be compared to the average transmission U-value of the building Utr. 
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Fig.3 gives theoretical results by applying the model to both building typologies, for Te = 0 °C, Ti = 20 °C, and 
different typical values of average wind speed, permeability, and terrain class. Dotted lines refer to the coordinates of 
typical transmission U-value and permeability for energy efficient buildings (0.25 W/m²/K; 0.4 m3/h/m2) and old 
buildings (1.5 W/m²/K; 2 m3/h/m2). In all cases, infiltration U-value reaches 5 to 40% of the supposed transmission 
U-value, depending on wind speed and terrain class. 
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Fig.3. Infiltration U-values as a function of building permeability, wind speed, terrain class for (a) small chalet typology and (b) individual house 
typology with Ti = 20 °C and Te = 0 °C. 
 
As a conclusion, estimating infiltration losses precisely is necessary to identify the transmission losses from an in 
situ measuring without relevant bias. 
4. Proposal of 3 technical solutions to evaluate infiltration airflow with uncertainties 
In order to provide an operational method to evaluate the air change rate during a thermal measurement, 3 solutions 
have been considered: 
x Solution 1: The infiltration rate is supposed constant. A pressurization test such as blower-door test following the 
EN 13829 [15] is realized. The average infiltration rate is estimated using EN 15242 methods described before 
and wind speed is estimated using histograms of instant values from some weather data. 
x Solution 2: The infiltration rate is considered as dynamical. The approach is similar to Solution 1, except that 
wind speed is measured locally during the in-situ testing (10 meters above the ground). 
x Solution 3: The infiltration rate is determined by using tracer gas decay measurements following the EN ISO 
12569 
4.1. Uncertainty calculation 
To evaluate the confidence intervals of the air flow evaluated by solutions 1 and 2, a Monte Carlo propagation 
method will be used (considering uncertainties on the inputs of the infiltration model described in Fig.4). 
The probability density functions (PDF) of the air leakage coefficient CL and air flow exponent n are assumed as 
Gaussian. If only one pressurization test is realized, confidence intervals are calculated following the EN 13829 [15]. 
In case of multiple tests, they can be obtained by statistical estimates. In case of measurement (solution 2), PDF of the 
wind speed is assumed as Gaussian (Fig.4.d). If not, PDF is approximated by a weather histogram (Fig.4.c). The most 
difficult uncertainty to define is probably for the pressure coefficients. To compute this, a new value, the “roughness 
index” ri is used. Its value represents the terrain class (0 for open terrain, 1 for urban). Pressure coefficients (on 
windward, leeward and roof) are defined as interpolated values of standard tables of the EN 15242. PDF of this index 
is defined as uniform between minimal and maximal values (defined by the user, for example 0.5 ± 0.25). Because of 
the small height of the studied typologies, and in order to reduce the Monte Carlo calculation time, uncertainties on 
indoor and outdoor temperature measurements have not been included. 
 
Fig.4. Probability Density Functions definitions for the model inputs. 
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4.2. Theoretical application on an energy efficient individual house 
 
Fig.5. Probability Density Functions estimations on Uinf, by applying Solutions 1 and 2 and rule of thumb. 
 
A theoretical application of solutions 1 and 2, as well as the rule of thumb have been processed on the individual house 
typology (as described in Fig.2) using the following values: CL = 35 ± 3.5,  n = 0.67 ± 0.05 (Q4pa,surf ~ 0.4 m3/h/m2), V 
= 1 or 5 ± 0.5 m/s, and ri = 0.5 ± 0.25. Utr is set to 0.25 W/m²/K as a reference. For solution 1, a 2-weeks histogram 
of instant wind values measured in Champ-sur-Marne has been used. Fig.4 illustrates the final statistical repartition 
of Uinf values with both solutions as well as the location of the “rule of thumb” value (dotted line). 95% confidence 
intervals of Qv, Uinf and Uinf/Utr are given in Table 1.  
Table 1. Confidence intervals for air flow rate and thermal parameters estimations for the individual house typology, and comparison with the 
“rule of thumb” value. 
Estimation method Qv (m3/h) Qv (ACH) Uinf (W/m2/K) Uinf/Utr (%) 
Solution 1 : V estimated 13.8 – 75.8 0.055 – 0.303 0.024 – 0.133 9.6 – 53.0 
Solution 2 : V measured = 1 m/s 9.7 – 14.4 0.039 – 0.058 0.017 – 0.025 6.8 – 10.1 
Solution 2 : V measured = 5 m/s 
Rule of thumb 
44.7 – 75.6 
24.1 
0.179 – 0.302 
0.096 
0.078 – 0.132 
0.042 
31.2 – 52.8 
16.8 
 
Solution 1 leads to a very large confidence interval of the Uinf parameter. This interval is reduced by 23 to 3 % by 
applying solution 2 depending on the wind speed. Application of the rule of thumb is perfectly in accordance with 
solution 1, but the bias with solution 2 can be very important in case of extreme values of wind. Nevertheless, the 
simplification of the airflow model can lead to other systematic errors due to the poor modeling of physical phenomena 
(such as local leakages, wind directions and pressure map). An experimental comparison with solution 3 is thus 
necessary. 
5. Experimental comparison of model-based solution and tracer gas measurements 
To compare the differences between solutions 2 and 3 approaches, a 1-week test has been conducted on an 
experimental wooden-chalet located at CSTB Champ-sur-Marne, France in February 2014. A CO2 tracer gas set-up 
has been used to apply the tracer gas decay method. Because of the duration of the test, periodical injections of CO2 
every 12 hours were necessary to observe significant concentration decays to calculate the air change rate. 
Values of CL and n have been previously measured using 3 blower-door tests (CL = 6 ± 2, n = 0.72 ± 0.2). Wind 
speed measurements have been recorded at the CSTB weather station (± 0.5 m/s according to the constructor). The 
roughness index has been evaluated to 0.50 ± 0.25 (presence of trees and other chalet nearby) 
1-hour averaged measured data can be seen in Fig.6, as the evolution of calculated air flow rates with their 
uncertainties (process described in 4.1.).  
Notice that the uncertainty of Qv is higher by using indirect measurements (solution 2), which is logical. 
Nevertheless, periodical air flow peaks are observed by applying solution 3, which are due to a stronger CO2 
concentration decay just after each injection. The explanation of this phenomenon has not been identified yet, but a 
technical error due to the infrared sensor saturation is suspected.  
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Fig.6. (a) measured indoor and outdoor CO2 concentration; (b) measured wind speed; (c) estimated air flow rate in the chalet. 
Conclusion 
The approach of estimating air infiltration rate using both blower-door and wind speed measurements (solution 2) 
leads to air change rate in accordance with gas decay measurements (solution 3). But it should be noticed that in this 
case study, the rule of thumb gives also a good estimation. 
Other tracer gas tests with continuous dose methods should be applied, in order to avoid periodical systematic 
errors on solution 3. An improvement of solution 2 could be a closer measurement of wind speed (for example, 1.5 
meters above the roof) instead of at 10 meters, and choosing another model taking into account wind direction. 
Uncertainties for the rule of thumb should also be explored, as it doesn’t take into account the influence of wind and 
air flow exponent n of the building. Finally, bigger typologies as individual houses should be investigated 
experimentally as well to complete this study. 
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